Certain fragrances significantly influence affective and cognitive states in humans as shown not only in the laboratory but also in natural outdoor settings. The aim of the present study was to investigate the influence of age on the relationship between a complex, natural odor and affective states, i.e., calmness, alertness and positive mood, in the field. The effect of a selected ambient odor on emotional well-being as well as on evaluations of odor intensity and pleasantness was assessed in healthy human subjects and compared with a control condition involving the same outdoor environment without the tested natural odor. The influence of age was studied in three different age groups, i.e., school children, young adults and elderly subjects. Despite overall emotional differences as a function of age, the tested ambient odor compared with the control condition improved subjective ratings of calmness, alertness and positive mood in all groups. Differences were found between age groups in regard to odor pleasantness, but not intensity. We concluded that the beneficial effect of the natural odor on affective states is not constrained by age. Furthermore, we replicated our previous finding that pleasant natural fragrances in outdoor environments improve mood state in humans.
A number of laboratory studies suggest a close relationship between olfactory and affective information processing [1, 2] . It has previously been demonstrated that olfactory stimuli can trigger both positive and negative affect in humans [3] [4] [5] . Recent investigations suggest that odors modulate mood [6] , cognition [7] [8] [9] [10] [11] and behavior [12] . For example, autobiographical memories elicited by odors were found to be more emotional and evocative than memories elicited by verbal, visual or auditory cues. It seems that odor-evoked memories can be distinguished from those elicited by other sensory cues by their emotional potency [9, 13] . It has been shown that odor pleasantness is positively correlated with mood, i.e., pleasant odors induce positive mood whereas unpleasant odors elicit negative mood. On the other hand, hedonic odor valence is negatively correlated with arousal [14] [15] [16] . In regard to perceived strength, high odor intensity is associated with higher arousal [17] [18] [19] but the relationship between odor intensity and affective state is less clear.
Age has a major influence on the perception of odors. Several authors reported a decline of olfactory abilities with age in humans indicated by lower detection, identification or discrimination performance [20] [21] [22] . Regarding hedonic odor valence, a recent study demonstrated that the decline in olfactory identification performance in the elderly is specifically associated with pleasant smells, while no age effects were observed with unpleasant odors [23] . As to olfactory performance in children, previous research demonstrated that although the sense of smell is well developed in this age group odor identification in children under age 16 is significantly poorer than in adults aged between 20 and 60 [22] . Literature on hedonic and intensity estimates of olfactory stimuli in children is quite scarce. One recent study [24] of pleasantness and intensity ratings of several every-day (e.g., chocolate, vanilla, cinnamon) and body-related odors (androstenone, isovaleric acid) found a significant correlation between age and intensity, but not pleasantness ratings.
Although in many laboratory studies a strong link between olfactory stimuli and affective states has been demonstrated in humans, to date only a few attempts have been made to study this relationship in the field [10; [25] [26] . Thus, the primary aim of the current study was to determine the influence of a complex ambient odor on affective state in humans in a natural, outdoor setting. The so called "Donauinsel" (Danube Island), a man-made island between the Danube River and the parallel excavated channel "Neue Donau" (New Danube), was chosen as the location for the present study. This landmark area of the city of Vienna is used for recreation, sports and open-air festivals and is associated with a characteristic odor mixture composed of the smell of fragrant plants, river water and barbecue aromas. We hypothesized that the characteristic Donauinsel odor (present in the experimental condition) would be evaluated as more pleasant than a common natural outdoor odor without these characteristic components (present in the control condition) and would thus have a beneficial effect on mood.
The second aim of our investigation was to study the influence of age on the relationship between ambient odor and affective state. Given the observed differences in olfactory performance between different age groups, we hypothesized that the beneficial effect of the Donauinsel odor on mood state would be less distinctive in both children and older subjects than in young adults. To investigate such a potential influence of age on the relationship between olfaction and mood state three different age groups (i.e., children, young adults, and elderly subjects) were compared with regard to mood state as well as olfactory hedonic valence and intensity ratings.
Mood state was assessed twice in each participant with two parallel versions of the Multidimensional Mood State Questionnaire MDBF [27] . The MDBF measures affective state on three scales, i.e., good mood, alertness, and calmness, which are positively correlated with each other (0.7 < r < 0.75, [28] ). To obtain the baseline mood state the MDBF was first administered in the control condition located in the middle of the Donauinsel. Then, subjects were guided to a location near the water front which was defined as the experimental condition and filled in the MDBF again. The two locations were very similar in terms of visual and auditory features but differed with respect to the ambient odor. The characteristic Donauinsel odor was only present in the experimental condition, whereas the control condition carried a common natural outdoor smell. To record the hedonic valence and intensity of the odor in each condition subjects gave ratings of their olfactory perceptions on 100 mm visual analog scales (VAS).
Since we were interested in potential influences of age on the relationship between smelling the odor of certain fragrances and mood state, intensity and valence ratings, the data were analyzed within the framework of the general linear model (GLM) in SPSS 14.0.
For mood state, a three-way repeated measures MANOVA was applied with the within-subjects factors "condition" (experimental and control) and "mood state" (positive mood, alertness and calmness), and the between-subjects factor "age" (children, young adults and older subjects). A two-way repeated measures ANOVA was calculated for the intensity and valence ratings, respectively, with the within-subjects factor "condition" (experimental and control) and the between-subjects factor "age" (children, young adults and older subjects). Specifically, we were interested in the main effect of the factor "condition" and in the interactions between the factors "condition", "age", and "mood state", respectively. In all analyses, Greenhouse-Geisser adjusted degrees of freedom were used. Post hoc multiple comparisons were calculated using the Scheffé test. For post hoc pairwise comparisons Bonferroni corrected P-values are reported. In all analyses, P ≤ 0.05 was considered statistically significant.
Regarding mood state, a significant main effect was found for "condition" (F 1,71 = 52.050; P = 0.000) with higher scores across all mood states, i.e., positive mood, alertness and calmness, in the experimental condition than in the control condition for all age groups ( Figure 1A) . No significant main effect of "age" or "mood state" was observed. A significant "mood state" x "age" interaction (F 4,142 = 7.658; P = 0.000) was also observed which indicated that mood state was rated differentially as a function of age. Comparison of the means for each MDBF scale across conditions demonstrated that this effect was due to lower positive mood (P = 0.021) and calmness scores in children than in young adults (P = 0.033) and lower overall alertness scores in young adults than in older subjects (P = 0.037) ( Figure 1B ). Neither the "condition" x "age" ( Figure  1C ) nor the "condition" x "mood state" nor the "condition" x "age" x "mood state" interaction ( Figure 1D ) reached statistical significance.
Analysis of the pleasantness ratings revealed a significant main effect of "condition" (F 1,71 = 10.239; P = 0.002) with higher pleasantness ratings in the experimental condition than in the control condition across all age groups (Figure 2A ). Furthermore, a significant "condition" x "age" interaction was observed (F 2,71 = 4.522; P = 0.014) indicating a stronger increase in odor pleasantness in the elderly subjects than in children or young adults. Post hoc multiple comparisons demonstrated significantly higher pleasantness ratings in the elderly than in children in the experimental condition (P = 0.045; Figure 2B ). No differences were observed between young adults and either elderly subjects or children in the experimental condition. No differences between age groups were found in the control condition. Regarding odor intensity, we found a main effect for "condition" F 1,71 = 16.921, P = 0.000) indicating higher intensity ratings in the experimental condition than in the control condition ( Figure 3 ). Neither the main effect of "age" nor the "condition" x "age" interaction reached statistical significance.
In our experiment, all age groups reported improved positive mood, alertness and calmness in the experimental as compared with the control condition. Since the Donauinsel with its characteristic smell is associated strongly with having a good time for Viennese residents it is very likely that the odor experienced in the experimental condition improved mood, alertness and calmness by what Jellinek has described as the semantic mechanism of odor effects [29] . This mechanism is based on the formation of context dependent memories and the retrieval of conditioned responses in the presence of an odor. Although we observed differences in mood state as a function of age, contrary to our hypothesis there was no evidence for an influence of age on the effectiveness of the experimental as compared with the control odor. Independent of the experimental condition, children reported less positive mood and less calmness than young adults. Age-related changes of the MDBF scores have been observed in the German population [28] . However, this study only found lower positive mood and slightly lower alertness scores in young (≤ 40 years of age) compared with older adults (≥ 61 years of age). A possible explanation for the findings in our study may be different semantic connotations of the study site in the tested age groups. While the Donauinsel and its smell are presumably connoted primarily with leisure and sports activities in young adults and elderly subjects, the children's group in our study was attending a secondary school on a ship moored at the waterfront of the Danube River. Thus, in this age group the island is probably also associated with stressful experiences at school resulting in lower positive mood and calmness ratings. The lower overall alertness ratings in young adults compared with older subjects are possibly related to differences in education [28] . However, since we did not assess educational background in this investigation further studies will be needed to identify the specific causes for these general affective differences between the two age groups. At any rate, these variations in affective states had no influence on the improving effect of the typical Donauinsel odor on positive mood, alertness and calmness.
With the present experimental setup we cannot fully rule out the possibility that our results are to some extent due to expectancy effects, i.e., that our subjects were aware of the experimental manipulation. However, we do not think that expectancy alone was driving the observed effects for the following reasons: First, the control condition in the current investigation was not completely odorless but subjects evaluated the atmosphere as neutral in terms of pleasantness ( Figure 2B ) and moderate in regard to intensity ( Table 1 ). If the emotional effects detected in our experiment should be accounted for by expectancy alone, then one would assume that it was effective both in the control and in the experimental condition. Nevertheless, the affective ratings were significantly higher in the experimental than in the control condition suggesting a major influence of the Donauinsel odor on affective state. Second, the group of young adults unintentionally experienced a pleasant odor in the control condition ( Figure 2B and see below) which should have induced expectancy much more than the neutral odor experienced by the other two groups. Still their affect measures differed significantly between the two conditions. We feel that this finding is a strong argument against expectancy effects being the single cause for the observed results. Mean ratings (± SD) of odor intensity (OI) in the control (CC) and experimental (EC) condition in each age group.
In regard to the ratings of odor pleasantness and intensity we found a main effect of "condition" which indicated that the Donauinsel odor in the experimental condition was evaluated as more pleasant and more intense than the atmosphere in the control condition. However, we also found a significant effect of "age" indicating higher hedonic valence ratings in elderly participants than in children. This difference in pleasantness might also be related to semantic connotation, i.e., the children's group might have rated the Donauinsel odor as less pleasant than older subjects because it is associated with (unfavorable) experiences at school. Visual inspection of these data also revealed that young adults in the control condition gave odor pleasantness ratings that were higher than those of the other two groups and even in the range of those in the experimental condition of this group ( Figure 2B ). As stated above, some of the young adults reported to have perceived a pleasant but unidentifiable odor in the control condition. While this is clearly a confounding factor in our experiment, it does not seem to have affected the mood state or odor ratings in a major way since the main effect of "condition" was highly significant in all statistical models.
It is rather surprising that intensity ratings did not differ in our older participants given the prevalence of olfactory loss in the elderly. A recent review on olfactory function in the older population [20] suggests that half of those between ages 65 and 80 and two thirds of the over 80 year olds suffer from olfactory decline. The majority of our elderly subjects were between ages 57 and 65 so that any age related decline in olfactory performance was probably only mild.
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Thus, it may be speculated that age effects on olfactory measures might be detected in a sample of older subjects in whom the olfactory loss is more pronounced. On the other hand, the similarity of olfactory performance across the three age groups in this study might explain why the emotion enhancing effect of the Donauinsel odor was observed in all of them despite differences in their general affective states.
One factor that might potentially have confounded the results of our study is that the proportion of female subjects increased from children to elderly participants. Sex effects have been reported for the MDBF with men reaching higher scores on all scales than women [28] . On the other hand, females perform better than males in some olfactory tasks [30] . Thus, we included sex as an additional between-subjects factor in our analyses. However, we neither found a significant main effect of the factor sex nor any significant interactions with this factor.
A principal limitation of our study is that we did not counterbalance the order of conditions or include a control group that completed the mood state and odor ratings twice in the control condition. Thus, one could argue that the results of our study may be confounded by order effects, i.e., the observed improvement in mood is due to the repeated exposure to an outdoor environment and not to the specific Donauinsel odor in the experimental condition. Although we were aware of this issue we decided against a control group performing two consecutive control conditions. In our view, expectancy effects related to the experimental manipulation would have been hard to control in such a group. In addition, we opted against counterbalancing the order of conditions based on findings from a previous investigation [25] . In that study, we determined order effects on mood state after repetitive pleasant, unpleasant and neutral olfactory stimulation. We found that the MDBF scores in a neutral odor trial were higher when the neutral trial was preceded by a pleasant odor trial than when it was followed by a pleasant odor trial. In contrast, mood state in pleasant odor trials remained relatively stable irrespective of trial sequence. Also, negative olfactory stimulation reduced the MDBF scores irrespective of trial order. From these results we concluded that the beneficial effect of pleasant odors on mood state is carried over into a consecutive control condition leading to insignificant differences between experimental and control condition. Nevertheless, to follow-up on the relationship between the effects of natural odors, the order of conditions and expectancy in regard to mood state more studies should be conducted that allow for comparing all possible orders of conditions, i.e., control-control, control-experimental, experimentalcontrol and experimental-experimental. In addition, groups should be included in such experiments that are blinded to the odors.
In conclusion, the results of the present investigation suggest that the natural, characteristic smell at the Viennese Donauinsel improved emotional states, i.e., positive mood, alertness and calmness, in humans aged 11 to 86 years in a realistic outdoor setting. A limitation to this finding, however, is that with the current experimental design we cannot fully rule out possible order effects. Furthermore, the evaluation of the perceived pleasantness and intensity confirmed that the odor in the selected experimental location was evaluated as more pleasant and more intense than the atmosphere in the corresponding control location. These results corroborate findings of previous research conducted in indoor environments and in the laboratory [10, 26, [31] [32] , as well as in certain outdoor settings [25] . No effects of age were revealed on the impact of the tested Donauinsel odor on emotional measures, probably because the elderly subjects in this study showed no obvious olfactory deficits.
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Participants
Experimental design and procedures:
All experiments were carried out in June 2007 at the Donauinsel, a typical recreational outdoor area in Vienna. Two outdoor conditions were defined: An experimental condition located near the water front of the Neue Donau in which subjects perceived the chosen natural ambient odor and a control condition which was located in the middle of the island. Although the control condition was not completely odorless characteristic components of the complex Donauinsel odor were missing. Since we were interested in the effects of natural odors on affect, the control condition differed from the experimental condition only in terms of the olfactory stimuli, i.e., subjects were exposed to the same kinds of background noise, such as the chirping of birds and the sound of the breeze in the trees, and visual stimuli, i.e., water, surrounding trees, bushes and other green plants, but were not exposed to the chosen complex natural odor. Although we demonstrated that visual cues have no impact on affect in such a setting [25] , yet to reduce the potential effect of watching other people engage in leisure associated activities, such as sun-bathing, swimming or barbecuing, we chose locations for both conditions where our subjects could not watch others perform such activities.
Three sessions were organized on three separate days. Each of the three age groups was tested in an individual session. Each session was supervised by two experimenters.
Mood state was measured with the Multidimensional Mood State
Questionnaire MDBF [27] . The questionnaire consists of 24 items, i.e., adjectives such as "content", "rested" or "composed", which are related to one of three scales, i.e., good mood, alertness and calmness. Thus, each scale contains 8 items. The MDBF may be split into two parallel versions with 12 items, i.e., 4 items per scale. For each item, participants rate the intensity of their current feeling on 5-point Likert scales (1 = not at all, 5 = very much). The ratings for all items of a particular scale are summated resulting in one score for each of the three scales. Subjective ratings of odor pleasantness and intensity were assessed on 100 mm VAS.
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Each session started with the control condition for approximately 15 min. While walking around subjects evaluated the atmosphere in the control environment by sniffing or inhaling deeply. They were not allowed to talk to each other. Then, subjects filled out one of the two parallel versions of the MDBF and gave ratings of odor pleasantness and intensity of the surrounding environment. After completing the questionnaires, subjects were guided to the experimental location and the experimental condition started. This condition also lasted for approximately 15 min and again subjects evaluated the atmosphere by sniffing and / or taking deep breaths. Then, they filled out the other parallel version of the MDBF and odor rating scales once more.
Stimulus material:
The stimulus consisted of the characteristic odor at the Donauinsel, which is a complex mixture composed mainly of the smell of river water, plant odors and roast aromas stemming from barbecues that are held at the island.
